Normally the productivity of cropping systems in arid and semi-arid regions is very low. The sustainable agricultural systems try to fi nd out environmental friendly technologies based on physical and biological treatments to increase crop production. In this study two irrigation treatments (control and water stress) and six methods of fertilizer treatment (control, NPK-F, using magnetic band-M, using silver nano particles-N, M+N and M+N+50% F) on performance of ajowan were compared. Results showed that treatments with magnetic fi eld or base fertilizer had more yield compared to the control and silver nanoparticles (N) treatments. Application of silver nanoparticles had no positive effect on yield. The highest seed and biomass WUE achieved in base fertilizer or magnetic fi eld treatments. Under water stress treatment, seed WUE signifi cantly increased. In conclusion magnetic fi eld exposure, probably by encourage nutrient uptake effi ciency could be applied to reduce fertilizer requirement. On the other hand the cultivation of plants under low MF could be an alternative way of WUE improving.
INTRODUCTION
Drought stress is one of the most important signifi cant stresses affecting agricultural productivity
1, 2
. One way for adapting to conditions of drought would be choose locally adapted plants 3 . Carum copticum is a locally adapted medicinal plant suitable for the climate of Birjand, Iran. When new species are introduced, local farmers want to know whether or not they demand less water and how water defi cit will affect a fi nal yield 3 . Some research has been done to evaluate growth and yield of medicinal plants in conditions of water stress.
The result of Khalid 4 showed that fresh and dry weight of Ocimum sp. signifi cantly reduced in water stress conditions. Ahmadian et al. 5 , in an experiment on chamomile indicated that the control treatment of irrigation (90% FC) had the highest fl ower and biomass yields. Farahza et al. 6 in an experiment on cumin observed that FC treatment recorded the highest seed yield, 1000 seed weight, number of umbels per plant and biological yield. Ucan et al. 7 found no difference in the yield of sesame (Sesamum indicum L.) using irrigation intervals of 7, 14 and 21 days.
In arid and semi-arid regions one of the greatest challenges for agriculture is to develop technology or agronomic options to improve water use effi ciency 8 . In these regions, it is in farmers' best interests to fi nd out whether or not a longer irrigation interval would provide an acceptable level of local crop production and high WUE 9 . Plants decrease evapotranspiration by blocking stomata and reducing leaf area, plant height and branching. Therefore, WUE of medicinal and aromatic plants increases under drought stress conditions
10
. Egilla et al.
11
indicated that WUE of Hibiscus rosa-sinensis increased under drought stress.
Productivity of cropping systems in arid and semi-arid regions is normally very low due to a combination of low and unpredictable water supply and low soil nutrient concentrations
12
. An intensive farming practice that warrants high yield and quality requires extensive use of chemical fertilizers 13 . Large quantities of chemical fertilizers are used to replenish N and P in soil, which is costly and contributes of severe environmental contamination 13 18 demonstrated that germination rate and fi rst growth stages of tomato seedlings increased when tomato seeds were exposed to a magnetic fi eld. Also, in an experiment magnetic fi eld stimulated the rooting process in plant material from oregano 19 . Magnetic fi eld (MF) may play an important role in cation uptake capacity and has a positive effect on immobile plant nutrient uptake 20 . The positive effects of MF are apparent on plants' photochemical activity, respiration rate, protein biosynthesis, cell division, enzyme activities, nucleic acid content and growth-development period
21, 22
. This positive effect of magnetic fi eld treatment may be due to paramagnetic properties of some atoms in plant cells and pigments such as chloroplasts 23 . Nanotechnology offers an important role in improving existing crop management techniques
24
. Nanotechnology has the potential to revolutionize the agricultural and food industries 25 . Applying nanomaterials to improve soil fertility and water retention links soil science and agriculture to surface chemistry 26 . In research experiments one of the most commonly used nano particles is that of silver. Some research has demonstrated the inhibitory effect of silver nano particles on bacteria and microorganisms 27, 28 . Research has reported positive effects of Ag + on plant stem hydraulic conductivity 29 , but it has also been reported that these nano particles per plant were measured randomly in 10 plants from each sub plot.
Data analysis was done by MSTAT-C software and means were compared by Duncan's multiple range tests at 5% probability level.
RESULTS AND DISCUSSION
The effect of irrigation on seed and biomass yield was not signifi cant. Although drought stress increased seed yield from 119.7 to 142.5 g . m -1 , this increase was not signifi cant (Table 1) . Carum copticum is an indeterminate plant and produces fl owers over a long period of time. It can be said that every other week irrigation in the reproductive development stage caused a reduction in competition between vegetative and reproductive organs of plants. Actually Carum copticum is probably a sink limited plant, because when assimilate production is limited through drought stress, seed yield was not affected.
Drought stress declined biomass yield (26.9%) but this reduction was not signifi cant (Table 1) . Drought stress severity was not high enough to signifi cantly reduce plant growth.
Khazaie et al. 9 indicated that irrigation intervals did not change biomass of thyme (Thymus vulgaris) and hyssop (Hyssopus offi cinalis). Research by Ucan et al. 7 found no difference in the yield of sesame (Sesamum indicum) using irrigation intervals of 7, 14 and 21 days. Bannayan et al. 3 in an experiment over two years on Nigella sativa, it was indicated that in the fi rst year of the experiment, irrigation termination at the seed formation stage declined straw yield signifi cantly, but it had no signifi cant effect on seed yield.
Seed yield components are shown in (Table 1 ). Table 4 shows that seed and umbels number per plant reduced in drought stress treatment about 21 and 5% respectively, but this reduction was not signifi cant. 1000 seed weight increased signifi cantly in drought stress conditions (Table 1). Bannayan et al. 3 showed that although termination of irrigation at the blooming stage had the lowest could penetrate a plant system and may interfere with intracellular components, and cause damage to cell division 30 . Stampoulis et al. 31 showed that a decrease in Zucchini plant biomass and transpiration was observed on prolonging their growth in presence of Ag + NPs. Musante and White 32 stated Ag nano particles reduced biomass and transpiration of Cucurbita pepo.
Not only is there a growing interest in using physical based materials in agriculture, there is also little information on medicinal plant responses to such material, especially in drought stress conditions. This experiment was done to evaluate responses of Carum copticum to drought stress under treatments testing silver nano particles and a magnetic fi eld.
MATERIAL AND METHODS
This experiment was done in the growing season of 2010 at the Agricultural Research Center of Islamic Azad University, Birjand branch, Iran. Longitude, latitude and altitude of Birjand are 59° 13', 32° 53' and 1480 m, respectively. Birjand has a dry and warm climate and rainfall mainly occurs between the months of November to April. Annual average rainfall is 167 mm. Total precipitation in the year of the experiment was 161.8 mm. Electrical conductivity (EC) of the irrigation water was 2.6 ds . m -1 . Soil texture and pH were sandy and 8.2, respectively. Nitrogen, phosphorus and potassium content in the soil were 0.033%, 6.8 ppm and 133 ppm, respectively.
A split-plot experiment was used based on a randomized complete block design with three replications. Two irrigation treatments (control-once a week until the end of growth and water stress-once a week until the start of fl owering and after that every other week until the end of growth) were as main plots and six soil fertilizing methods (control without fertilizer, fertilizing with N-P-K based on soil analysis-F, using magnetic band-M, using silver nano particles-N, M+N and M+N+50% F) were as sub plots.
Each sub plot had three ridges. The lengths of ridges and distances between them were 4 and 0.8 m, respectively. Sowing was done on both sides of the ridges on 14 th March. The distance between plants after thinning was 15 cm.
The base fertilizer for F treatment consisted 300 kg . ha -1 urea, 150 kg . ha -1 potassium sulfate and 100 kg . ha -1 triple super phosphate. Urea was used at two stages (50% at the start of stem elongation and 50% at the start of fl owering). Two other fertilizers were used before planting. In M treatment, 3×1 cm pieces of magnetic bands (10 MT) were placed under sowing rows before seeding. In N treatment, 40 g . ha -1 colloidal nano silver in the irrigation water was applied after thinning. Figure 1 shows a size of the silver nano particles, taken with a Transition Electron Microscope (TEM).
Weed control was done as hand weeding and when required. Biomass and seed yield were determined from the harvest of 2 m 2 on 10 th September, with due regard to border effects. Harvest index (HI) and water use effi ciency (WUE) for biomass and seed were also determined through seed yield/biomass yield and yield/ irrigation volumes, respectively. Umbel and seed number 
33
on cumin demonstrated that irrigation time had a positive effect on number of seeds and number of umbels per plant, but had a negative effect on 1000 seed weight. Weekly irrigation caused high competition between vegetative organs and fi lling seeds. It is noteworthy that every other week irrigation at the reproductive stage was the most favorable for seed fi lling.
The effect of fertilizer treatments on seed and biomass yields was signifi cant. Treatments with magnetic fi eld or base fertilizer (B, M, M+N and M+N+50% B) had higher yields compared to the control and nano silver (N) treatments (Table 2 ). De Souza et al. 34 in an experiment on tomato seedlings showed that magnetic treatment stimulated dry matter production and improved its partitioning. The research asserted that magnetic fi eld induced an improvement in plants' capacity for nutrient and water uptakes. Research by Rochalska et al. 35 on sugar beet indicated that a magnetic fi eld increased leaf chlorophyll content and growth of root mass during the growing period that resulting in higher yields.
Magnetic fi eld may play an important role in plant cation uptake capacity as well as having a positive effect on immobile plant nutrient 20 . In an experiment on date palm, Dhawi et al. 36 indicated that plants' element composition was signifi cantly affected by the intensity of a static magnetic fi eld.
Silver nano particle application had no positive effect on yield (Table 2) . Stampoulis et al.
31 reported a decrease in plant biomass and transpiration in the presence of silver nano particles. Kumari et al. 30 in Allium cepa showed that Ag NPs impaired the stage of cell division and caused cell disintegration. It has been reported that treatment with silver nano particles inhibits microbial growth 28, 37 . In that case the most probable positive effects of silver nano particles could be observed in conditions that are disinfected, for example when planting in soil infected soil with microbia.
Seed number per plant was signifi cantly affected by fertilizing treatments. The highest seed number per plant was recorded from M+N treatment, but it was not signifi cantly different from M and M+N+50% B treatments (Table 2) . Faqenabi et al. 38 in an experiment on saffl ower showed that magnetic fi eld treatment increased number of seeds per head. Similar to yield, treatments with magnetic fi eld or base fertilizer (B, M, M+N and M+N+50% B) had more umbels per plant and higher records of 1000 seed weight ( Table 2 ). Drought stress signifi cantly increased HI from 0.339 to 0.539 (Table 3) . Table 1 . Effect of irrigation on yield and yield components of Carum copticum Table 2 . Effect of fertilizer, magnetic fi eld and silver nano particles on yield and yield components of Carum copticum Table 3 . Effect of irrigation on HI and WUE of Carum copticum Table 4 . Effect of fertilizer, magnetic fi eld and silver nano particles on HI and WUE of Carum copticum
This means that vegetative organs were more affected by drought than reproductive ones. As previously mentioned, Carum copticum is an indeterminate plant that produces new branches and umbels simultaneously after the beginning of the reproductive stage. In drought stress treatment, when irrigation was limited at the reproductive stage, plants allocated limited water and assimilates to produce umbels and seeds, but in the control treatment, assimilates were partitioned between umbels and new branches. These results are the opposite of those determined by Earl and Davis 39 , which concluded that HI declined when a brief period of stress coincided with the critical developmental stage around the fl owering period in maize. The reason for this different result is that maize is a determinate plant that produces fl owers and seeds in a short period of time. Furthermore, results of Amini Dahaghi and Mollafi labi 40 in cumin, also an indeterminate plant, indicated that increasing irrigation times signifi cantly decreased HI.
The effect of fertilizer treatments on HI was not signifi cant (Table 4) , thus vegetative and reproductive organs of plants were similarly affected by these treatments.
According to the proposal that magnetic fi eld probably increases cation uptake capacity and immobile plant nu-trients uptake 20 , it should therefore enhance all growth parameters dependent on photosynthesis.
Seed WUE was signifi cantly affected by irrigation and levels increased in drought stress conditions, but biomass WUE was not affected ( 42 in canola.
The effect of fertilizer treatment on seed and biomass WUE was signifi cant (Table 4) . Considering the formula of WUE, when irrigation volume is equal to fertilizer treatment, trends for seed and biomass WUE were similar to seed and biomass yields. Thus the highest seed and biomass WUE (Table 4 ) related to treatments with base fertilizer or magnetic fi eld (B, M, M+N and M+N+ 50% B).
In conclusion, although magnetic fi eld exposure could increase plant growth and yield; using silver nano particles had no positive effect on plant growth. Considering the disinfectant capacity of silver nano particles, its application may be useful in soil with microbial contamination. Magnetic fi eld exposure, probably through increasing nutrients uptake effi ciency, could be used to reduce fertilizer requirement, which is particularly important in medicinal plant production and organic farming. However, considering that methods for more effi cient irrigation scheduling are needed for commercial farmers, cultivation under low MF could be an alternative way to improve WUE within the framework of future agricultural techniques. However, more extensive research experiments are needed concerning plant growth when exposed to various nano particles or a magnetic fi eld.
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